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(57) Abstract: Methods and apparatuses for structure predic- 
tion based on model curvature are described. A simulation re- 
sult corresponding to an integrated circuit or other structure is 
generated. The result includes contour data representing a fea- 
ture value, for example, height (or intensity) of the structure at 
various points. Three or more points are used to determine a 
curvature of the result at a predetermined location. The cur- 
vature information can be used to determine boundaries of the 
struture. For example, when used with an integrated circuit 
layout, the curvature can be used for optical and process cor- 
rection (OPC) purposes to modify an integrated circuit layout 
such that the resulting integrated circuit more closely resem- 
bles the designed integrated circuit than would otherwise be 
possible. In one embodiment, both slope and curvature of the 
integrated circuit structure are used for OPC purposes. 
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METHOD AND APPARATUS FOR 

STRUCTURE PREDICTION 
BASED ON MODEL CURVATURE 

FIELD OF THE INVENTION 

The invention relates to structure modeling and prediction. More specifically, 
the invention relates to predicting a physical structure, for example, integrated circuit 
structures, based on information derived from contour representations. 

BACKGROUND OF THE INVENTION 

As integrated circuits (ICs) become more dense, the widths of lines and 
components, as well as the separation between lines becomes increasingly smaller. 
Currently, deep sub-micron (<0.25 \im) processes are being used. However, with deep 
sub-micron processes, silicon yield is affected by several factors including reticle/mask 
pattern fidelity, optical proximity effects, and diffusion and loading effects during resist 
and etch processing. Typical problems include line-width variations that depend on 
local pattern density and topology and line end pullback. 

Optical and process correction (OPC) can be used to improve image fidelity. 
Optical proximity correction is a subset of optical and process correction. OPC 
techniques include, for example, introduction of additional structures to the IC layout 
that compensate for various process distortions. Two general categories of OPC are 
currently in use: rule-based OPC and model-based OPC. In rule-based OPC, a reticle 
layout is modified according to a set of fixed rules for geometric manipulation. 
However, rule-based OPC has limited capability and when more complex OPC is 
desired, model-based OPC is used. 

In model-based OPC, an IC structure to be formed is modeled and a threshold 
that represents the boundary of the structure on the wafer can be determined from 
simulated result generated based on the model used. Simple forms of model-based 
OPC generate a simulated aerial image, l(x 9 y) 9 having a threshold, , to predict the 
structure to be manufactured. 

A more sophisticated and accurate model-based OPC technique, referred to as 
the Variable Threshold Resist (VTR) model allows the threshold, / , , to take on 
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multiple values. The VTR model is described by Cobb, et aL, "Mathematical and CAD 
Framework for Proximity Correction," Optical Microlithographv IX , Proc. SPIE 2726, 
pp. 208-222 (1996); Cobb, et al., "Experimental Results in Optical Proximity 
Correction with Variable Threshold Resist Model," Optical Microlithopraphv X , SPIE 
3051, pp. 458-468 (1998); and Nicholas B. Cobb, "Fast Optical and Process Proximity 
Correction Algorithms for Integrated Circuit Manufacturing," PhD dissertation, Univ. 
Cal. Berkeley (1998). 

Figure 1 is one embodiment of contours representing an integrated circuit line 
end based on a Variable Threshold Resist (VTR) model. In general, the VTR model is 
used to determine characteristics of the integrated circuit structure where the threshold, 
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, as measured along a one-dimensional cut-line through the x- 



axis of the simulated result. As illustrated in Figure 1, the x-axis orientation is parallel 
to one of the axes used in the integrated circuit layout. The slope determined from the 
simulated result can be used to modify the design of the integrated circuit. 

The VTR model has been used to provide improved IC manufacturing; 
however, for certain situations, for example, line-end shortening, rule-based OPC can 
still provide better correction. Therefore, it is desirable to have an improved model- 
based OPC model. 



SUMMARY OF THE INVENTION 

Methods and apparatuses for structure prediction based on model curvature are 
described. A predicted curvature for a structure to be realized is determined. The 
structure can be, for example, an integrated circuit structure on a layer of an integrated 
circuit. The predicted curvature is used to determine a predicted boundary of the 
structure. Based on the predicted boundary of the integrated circuit structure to be 
realized, the layout of the integrated circuit structure can be modified. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is illustrated by way of example, and not by way of limitation in 
the figures of the accompanying drawings in which like reference numerals refer to 
similar elements. 

Figure 1 is one embodiment of contours representing an integrated circuit line 
end based on a Variable Threshold Resist (VTR) model. 

Figure 2 represents one embodiment of an integrated circuit layer prediction 
process suitable for use with the invention. 

Figure 3 illustrates one embodiment of a contour representation of a simulation 
result corresponding to an integrated circuit structure layout upon which curvature can 
be measured in a first manner. 

Figures 4A-4F illustrate exemplary sampling patterns suitable for use with the 
invention. 

Figure 5 illustrates one embodiment of a contour representation of a simulation 
result corresponding to an integrated circuit structure layout upon which curvature can 
be measured in a second manner. 

Figure 6 illustrates an electronic design automation (EDA) tool that can be 
incorporated with the invention. 

Figure 7 illustrates one embodiment of a computer system suitable for use to 
practice the invention. 

Figure 8 a flow chart corresponding to one embodiment of OPC based on 
curvature. 

DETAILED DESCRIPTION 

Methods and apparatuses for structure prediction based on model curvature are 
described. In the following description, for purposes of explanation, numerous specific 
details are set forth in order to provide a thorough understanding of the invention. It 
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will be apparent, however, to one skilled in the art that the invention can be practiced 
without these specific details. In other instances, structures and devices are shown in 
block diagram form in ord'ir to avoid obscuring the invention. 

Reference in the specification to "one embodiment'' or "an embodiment" means 
that a particular feature, structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment of the invention. The appearances 
of the phrase "in one embodiment" in various places in the specification are not 
necessarily all referring to the same embodiment. 

Some portions of the detailed descriptions which follow are presented in terms 
of algorithms and symbolic representations of operations on data bits within a computer 
memory. These algorithmic descriptions and representations are the means used by 
those skilled in the data processing arts to most effectively convey the substance of 
their work to others skilled in the art. 

An algorithm is here, and generally, conceived to be a self-consistent sequence 
of steps leading to a desired result. The steps are those requiring physical 
manipulations of physical quantities. Usually, though not necessarily, these quantities 
take the form of electrical or magnetic signals capable of being stored, transferred, 
combined, compared, and otherwise manipulated. It has proven convenient at times, 
principally for reasons of common usage, to refer to these signals as bits, values, 
elements, symbols, characters, terms, numbers, or the like. 

It should be borne in mind, however, that all of these and similar terms are to be 
associated with the appropriate physical quantities and are merely convenient labels 
applied to these quantities. Unless specifically stated otherwise as apparent from the 
following discussion, it is appreciated that throughout the description, discussions 
utilizing terms such as "processing" or "computing" or "calculating" or "determining" 
or "displaying" or the like, refer to the action and processes of a computer system, or 
similar electronic computing device, that manipulates and transforms data represented 
as physical (electronic) quantities within the computer system's registers and memories 
into other data similarly represented as physical quantities within the computer system 
memories or registers or other such information storage, transmission or display 
devices. 

The invention also relates to apparatuses for performing the operations herein. 
These apparatuses may be specially constructed for the required purposes, or may 
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comprise a general purpose computer selectively activated or reconfigured by a 
computer program stored in the computer. Such a computer program may be stored in 
a computer readable storage medium, such as, but is not limited to. any type of disk 
including floppy disks, optical disks, CD-ROMs, and magnetic-optical disks, read-only 
memories (ROMs), random access memories (RAMs), EPROMs, EEPROMs, magnetic 
or optical cards, or any type of media suitable for storing electronic instructions, and 
each coupled to a computer system bus. 

The algorithms and displays presented herein are not inherently related to any 
particular computer or other apparatus. Various general purpose systems may be used 
with programs in accordance with the teachings herein, or it may prove convenient to 
construct more specialized apparatus to perform the required method steps. The 
required structure for a variety of these systems will appear from the description below. 
In addition, the present invention is not described with reference to any particular 
programming language. It will be appreciated that a variety of programming languages 
may be used to implement the teachings of the invention as described herein. 

Briefly, a simulation result corresponding to an integrated circuit or other 
structure is generated. The result includes contour data representing a feature value, for 
example, height (or intensity) of the structure at various points. Three or more points 
are used to determine a curvature of the result at a predetermined location. The 
curvature information can be used to determine boundaries of the structure. For 
example, when used with an integrated circuit layout, the curvature can be used for 
optical and process correction (OPC) purposes to modify an integrated circuit layout 
such that the resulting integrated circuit more closely resembles the designed integrated 
circuit than would otherwise be possible. In one embodiment, both slope and curvature 
of the integrated circuit structure are used for OPC purposes. 

Figure 2 represents one embodiment of an integrated circuit layer prediction 
process suitable for use with the invention. In general, the process described with 
respect to Figure 2 generates a predicted circuit layer from a circuit design. The 
predicted circuit layer can be used for OPC purposes. The process can be used for 
multiple layers of an integrated circuit design. 

Circuit design 200 represents a circuit described in functional, rather than, 
physical terms. In one embodiment, circuit design 200 is a high-level integrated circuit 
(IC) description languages such as VHDL and Verilog®, which are commonly used to 
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design circuits. One embodiment of VHDL is described in greater detail in "IEEE 
Standard VHDL Language Reference Manual," ANSI Std. 1076-1993, Published June 
6, 1994. One embodiment of Verilog® is described in greater detail in IEEE Standard 
1 364-1995. These and other high-level IC description languages allow a circuit 
designer to design and simulate circuits by using high-level code to describe the 
structure and/or behavior of the circuit being designed. 

Circuit design 200 is typically input to a synthesis tool 210, which generates 
netwlist 220. Other software tools can also be used to create netlists using customized 
design techniques. Netlist 220 describes the logical relationship of circuit elements to 
provide the desired functionality. Netlist 220 can then be used to develop the layout 
that will be used to fabricate an IC having the desired functionality. Netlist 220 can 
also be used for verification purposes. 

Netlist 220 is input to layout tool 230, which can be an electronic design 
automation (EDA) tool, one embodiment of which is described in greater detail below, 
or any other tool that generates a circuit layout based on circuit design 200. v , Circuit 
layout 240 is generated by layout tool 230. Circuit layout 240 has multiple layers, 
determined based on circuit design 200 and the manufacturing process to be used, and 
can be represented in any appropriate format for describing a layout for circuit design 
200. 

Process model 250 receives circuit layout 240 and generates intensity pattern 
260. In one embodiment process model 250 is a mathematical model that is based on 
the manufacturing process to be used to manufacture an integrated circuit based on 
circuit design 200. The mathematical model can be performed by, for example, a 
computer system having a processor that executes a sequence of instructions stored in 
memory that represent the mathematical model. Process models are known in the art 
and examples of process models and/or references to process models can be found in 
the papers cited above in the Background of the Invention. 

Process model 250 generates intensity pattern 260 for a layer of the integrated 
circuit, which represents the intensity of light to which the physical integrated circuit 
will be exposed based on information related to the manufacturing process to be used. 
The intensity determines the exposure, and therefore, the size and shape of the 
integrated circuit structure. In one embodiment, intensity pattern 260 is a mathematical 
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representation of the integrated circuit structure stored, for example, in a machine- 
readable storage medium. 

Graphical processor 270 operates on intensity pattern 260 to generate intensity 
representation 275. Graphical processor 270 and intensity representation 275 are not 
necessary to practice the invention; however, intensity representation 275 can be useful 
in circuit design and OPC. Intensity representation 275 is any physical representation 
of intensity pattern 260, for example, a display on a computer screen, a printed contour 
plot, etc. In one embodiment, intensity representation 275 illustrates the integrated 
circuit layer with contour lines that represent constant intensity, or constant elevation. 
Graphical processor 270 is any device (e.g., a computer system with a display device 
and/or printer) that converts intensity pattern 260 to intensity representation 275. 

VTR model 280 also operates on intensity pattern 260 to generate predicted 
realization of the circuit layer 285. One embodiment of VTR model 280 is described in 
greater detail below. In one embodiment, predicted realization of the circuit layer 285 
provides a threshold line, I lh , that represents a predicted boundary of the integrated 
circuit structure(s) on the layer processed. 

In one embodiment, the threshold line, I th , is determined taking into 

consideration curvature information determined as described below with respect to 
Figure 3. In one embodiment, predicted realization of the circuit layer 285 also 
includes curvature information as discussed below. 

Predicted realization of the circuit layer 285 is used to modify circuit layout 
240. For example, if predicted realization of the circuit layer 285 indicates that the 
circuit layer will not provide an appropriate structure (e.g., line end shortening), circuit 
layout 240 can be modified (e.g., extend the line end) to compensate for the deficiency. 
Thus, predicted realization of the circuit structure 285 can be used as feedback to 
provide OPC for the integrated circuit design. The layout modification and modeling 
process can be repeated as necessary until predicted realization of the circuit structure 
285 indicates a satisfactory design. 

Once a satisfactory design is achieved, the corresponding circuit layout 240 is 
used to generate reticle 290. Reticle 290 can be generated in any manner known in the 
art. Reticle 290 is used in an integrated circuit manufacturing process to manufacture 
integrated circuit structure 295. 
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Figure 3 illustrates one embodiment of a contour representation of a simulation 
result corresponding to an integrated circuit structure layout upon which curvature can 
be measured in a first manner. In one embodiment, a two dimensional sampling pattern 
is used to determine slope of the model along the x-axis and curvature of the model 
along the y-axis. In an alternative embodiment, only curvature along the y-axis is 
measured. In another alternative embodiment, the angle between the line along which 
slope is determined and the line along which the curvature is determined are not 
perpendicular to each other. 

While slope andxurvature are discussed as being determined along one or more 
predetermined lines, the sampling points used in determining slope and/or curvature are 
not required to be linear. Representative integrated circuit structures are described 
herein with respect to x- and y-axes, which are traditionally horizontal and vertical 
axes, respectively; however, the slope and curvature samples can be taken along any 
orientation with respect to the integrated circuit structure. 

In one embodiment, samples are taken at predetermined locations relative to the 
contour to determine slope along a first predetermined line (X) and curvature along a 
second predetermined line (Y); In one embodiment, slope is determined between 
adjacent sampling points along the first predetermined line; however, the sampling 
points used for determining slope are not all required to be on a common line. 
Similarly, in one embodiment, curvature is determined based the slope of a parabola fit 
to three sampling points on the second predetermined line; however, curvature can be 
determined in a different manner, for example, more than three points can be used, or 
curvature can be determined along a non-linear section. 

Experience . has shown use of curvature in determining the threshold value of an 
integrated circuit structure provides improved information compared to using slope 
alone, accordingly, the number of sampling points along the slope line (X) can be 
decreased to compensate for the increased number of sampling points used along the 
curvature line (Y). Therefore, little or no performance penalty is incurred for 
determining both slope and curvature as compared to determining slope only. In one 
embodiment, seven sampling points along the slope line are used to determine slope 
values and three sampling points along the curvature line are used to determine 
curvature; however, any number of points along either line can be used to determine 
slope and/or curvature. 

8- 
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In an embodiment where slope is determined along the first predetermined line 
and curvature is determined along the second predetermined line, the threshold for the 
corresponding structure can be determined according to: 
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represents the curvature of intensity representation of the integrated 
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circuit structure along the y-axis. In other words, the second derivative of a parabola 
that is fit to three or more points along the y-axis can be used to predict of the curvature 
intensity representation of the integrated circuit structure. The curvature information 
provides a more accurate representation of the integrated circuit structure and therefore 
a more accurate determination of the integrated circuit structure threshold. The 
parabola can be fit to the curvature sampling points in any manner known in the art. 

The sampling points along the x-axis used for determining the slope of the 
intensity representation of the integrated circuit structure define a first line segment. In 
one embodiment seven sampling points are used along the x-axis; however, any 
number of sampling points can be used. In one embodiment, the points used for 
determining curvature define a second line segment perpendicular to the first line 
segment; however, a perpendicular orientation is not required. Many different sets 
points can be used to estimate the curvature of the intensity representation of the 
integrated circuit structure. For example, the curvature can be determined at a midpoint 
of the first line segment, at either end of the first line segment, at the point of maximum 
intensity, at the point of maximum slope, or at any other point along the first line 
segment. A grid pattern of sampling points can also be used to determine slope and/or 
curvature of the intensity representation of the integrated circuit structure. 

Other types of curvature can be used rather than fitting a parabola to a set of 
three or more points and determining the second derivative of the points along the 
parabola. For example, Gaussian curvature can be used, the radius of a circle fitted to 
the intensity representation of the structure can be used, other types of curvature and 
other geometric shapes can also be used to determine curvature. 

In one embodiment, information gained from the slope and curvature can be 
used to make corrections to the layout used for manufacturing the integrated circuit 
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structure such that the structure resulting from the manufacturing process more closely 
resembles the intended resulting structures than it would otherwise. In one 
embodiment, circuit layout structures are segmented. The various segments of the 
circuit layout are modified to facilitate closer realization of the intended structures. 

Segmenting an integrated circuit layout involves inserting additional vertices to 
create smaller sections of edges, or edge fragments. Predefined rules generally define 
where vertices should be added. For example, vertices are usually added so that there 
is no more than a maximum edge segment length between vertices. Vertices can also 
be added near particular types of vertices, such as adding vertices near corner vertices 
so that a corner is comprised of two short edge fragments. 

If more vertices are added, more precise edge placement corrections can be 
made, but more OPC computations are performed. That is, increasing the granularity 
of edge segments increases the potential OPC accuracy, but decreases speed. Densely 
filled areas are likely to need more intricate edge placement correction than sparsely 
filled areas, so more vertices may be added to densely filled areas than to sparsely filled 
areas. 

In one embodiment, design layout segment placement is modified, if necessary, 
in response to the threshold determined based on the curvature of the contour 
representation of the integrated circuit structure. For example, a line end segment of a 
layout can be moved so that the threshold of the modeled integrated circuit structure 
corresponds more closely to the end of the design layout. 

Figures 4A-4F illustrate exemplary sampling patterns suitable for use with the 
invention. Figure 4A illustrates a sampling pattern where the curvature line segment is 
located at the midpoint of the slope line segment. Figure 4B illustrates a sampling 
pattern where the curvature line segment is located at the endpoint of the slope line 
segment. Figure 4C illustrates a sampling pattern where the curvature line segment is 
located at a point between the end point and the midpoint. Figure 4D illustrates a grid 
sampling pattern. Figure 4E illustrates a sampling pattern where the curvature line 
segment is located at the point of maximum intensity along the slope line segment. 
Figure 4F illustrates a sampling pattern where the curvature line segment is located at 
the point of maximum slope along the slope line segment. Other sampling patterns can 
also be used. 
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Figure 5 illustrates one embodiment of a contour representation of a simulation 
result corresponding to an integrated circuit structure layout upon which curvature can 
be measured in a second manner. In one embodiment, curvature is measured along a 
contour line, C. In such an embodiment, the intensity threshold can be measured as: 



structure along a constant intensity contour. The curvature information can be used for 
OPC as described above. 

Figure 6 illustrates an electronic design automation (EDA) tool that can be 
incorporated with the invention. As illustrated, EDA tool suite 600 includes simulation 
tool 602 incorporated with the teachings of the present invention as described earlier 
(e.g., VTR model 280 of Figure 2). Additionally, EDA tool suite 600 includes other 
tool modules 604. Examples of these other tool modules 602 include but not limited to 
synthesis module, layout verification module and so forth. 

Figure 7 illustrates one embodiment of a computer system suitable for use to 
practice the invention. As shown, computer system 700 includes processor 702 and 
memory 704 coupled to each other via system bus 706. Coupled to system bus 706 are 
non-volatile mass storage 708, such as hard disks, floppy disk, and so forth, 
input/output devices 710, such as keyboard, displays, and so forth, and communication 
interfaces 712, such as modem, LAN interfaces, and so forth. Each of these elements 
perform its conventional functions known in the art. 

In particular, system memory 704 and non-volatile mass storage 708 are 
employed to store a working copy and a permanent copy of the programming 
instructions implementing the above described teachings of the present invention. 
System memory 704 and non-volatile mass storage 706 may also be employed to store 
the IC designs. The permanent copy of the programming instructions to practice the 
present invention may be loaded into non-volatile mass storage 708 in the factory, or in 
the field, using distribution source/medium 714 and optionally, communication 
interfaces 712. Examples of distribution medium 714 include recordable medium such 
as tapes, CDROM, DVD, and so forth. In one embodiment the programming 
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instructions are part of a collection of programming instructions implementing EDA 
tool 600 of Fig. 6. The constitution of elements 702-714 are well known, and 
accordingly will not be further described. 

Figure 8 a flow chart corresponding to one embodiment of OPC based on 
curvature. In one embodiment the process of Figure 8 is performed by an EDA tool 
based on an integrated circuit design layout. In an alternative embodiment, the process 
of Figure 8 can be performed by a non-EDA application. 

A simulation result such as an image of an integrated circuit structure layout is 
generated at 810. Generating the simulation result can be accomplished in any manner 
known in the art. Alternatively, a previously generated integrated circuit intensity 
pattern can be used instead. 

Sampling points are determined at 820. In one embodiment, a set of sampling 
points (e.g., Figs 4A-4F) are applied to the contour of each design layout segment. In 
other words, samples are taken according to the chosen sampling pattern for the contour 
of each segment. In one embodiment, the x-axis sampling points described above are 
perpendicular to the contour of the design layout segment and the y-axis sampling 
points are parallel to or coincident with the contour of the layout segment. In 
alternative embodiments, sampling points are not necessarily orthogonal as described 
above, for example, the x-axis can be at an angle of 45° with respect to the contour of 
the layout segment. 

Slope is determined at 830. In one embodiment, both the point of maximum 
intensity and the steepest slope (i.e., the pair of sampling points on the contour 
representation having the greatest slope therebetween) are determined. Curvature is 
determined at 840. Curvature can be determined according to any manner described 
above. 

OPC is performed at 850. In one embodiment, layout for line segments can be 
modified to compensate for optical effects (e.g., line end shortening) that result in an 
integrated circuit structure closer to the designed integrated structure using the 
determined slope and curvature. The process of Figure 8 can be repeated for the 
modified integrated circuit layout to improve results further. 

In the foregoing specification, the invention has been described with reference 
to specific embodiments thereof. It will, however, be evident that various 
modifications and changes can be made thereto without departing from the broader 
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spirit and scope of the invention. The specification and drawings are, accordingly, to 
be regarded in an illustrative rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1 . A method comprising: 

determining a curvature of a simulation result of an integrated circuit structure; 

and 

modifying a layout of the integrated circuit structure based, at least in part, on 
the curvature. 

2. The method of claim 1 further comprising generating an intensity pattern 
corresponding to the integrated circuit structure, wherein the intensity pattern has 
contours indicating constant intensity. 

3. The method of claim 1 wherein the curvature is determined along a 
contour. 

4. The method of claim 1 wherein the curvature is generated based on the 
intensity pattern contours. 

5. The method of claim 4 further comprising determining a slope of the 
integrated circuit structure along a predetermined line segment. 

6. The method of claim 5 wherein the slope is determined based on a 
predicted elevation at a predetermined number of sampling points. 

7. The method of claim 5 wherein the curvature is determined at a 
maximum slope of the integrated circuit structure along the predetermined line 
segment. 

8. The method of claim 5 wherein the curvature is determined at a point of 
maximum intensity along the predetermined line segment. 

9. The method of claim 5 wherein the curvature is determined at 
approximately at a midpoint of the predetermined line segment. 

10. The method of claim 5 wherein the curvature is determined at 
approximately an end point of the predetermined line segment. 

1 1 . The method of claim 5 wherein the curvature is determined along a 
second line segment oriented at a predetermined angle with respect to the 
predetermined line segment. 

12. The method of claim 1 1 wherein the predetermined angle is 
approximately 90 degrees. 
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13. The method of claim 1 1 wherein the predetermined angle is greater than 
90 degrees. 

14. The method of claim 1 1 wherein the predetermined angle is less than 90 
degrees. 

15. The method of claim 1 wherein the curvature is determined at 
approximately an end point of the integrated circuit structure as designed. 

16. The method of claim 1 wherein the curvature is determined as a second 
derivative of a parabola including three or more sampling points. 

1 7. The method of claim 1 wherein the curvature is determined as a 
logarithm of a second derivative of a parabola including three or more sampling points. 

18. The method of claim 1 wherein modifying a design of the integrated 
circuit based on the curvature comprises: 

segmenting the design of the integrated circuit; and 

modifying placement of one or more segments based, at least in part, on the 
curvature. 

19. A medium having stored thereon sequences of instructions to implement 
an integrated circuit structure modeling application comprising sequences of 
instructions that, when executed by one or more processors, cause an electronic device 
to: 

determine a curvature of a simulation result of an integrated circuit structure; 

and 

modify a layout of the integrated circuit structure based, at least in part, on the 
curvature. 

20. The medium of claim 1 9 wherein the curvature is determined along a 
pattern intensity contour. 

21 . The medium of claim 19 wherein the curvature is generated based on the 
pattern intensity contours. 

22. The medium of claim 19 further comprising sequences of instructions 
that, when executed, cause the one or more electronic devices to determine a slope of 
the integrated circuit structure along a predetermined line segment. 

23. The medium of claim 22 wherein the slope is determined based on a 
modeled elevation at a predetermined number of sampling points. 
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24. The medium of claim 22 wherein the curvature is determined at a 
maximum slope of the integrated circuit structure along the predetermined line 
segment. 

25. The medium of claim 22 wherein the curvature is determined at a point 
of maximum intensity along the predetermined line segment. 

26. The medium of claim 22 wherein the curvature is determined at 
approximately at a midpoint of the predetermined line segment. 

27. The medium of claim 22 wherein the curvature is determined at 
approximately an end point of the predetermined line segment. 

28. The medium of claim 22 wherein the curvature is determined along a 
second line segment oriented at a predetermined angle with respect to the 
predetermined line segment. 

29. The medium of claim 28 wherein the predetermined angle is 
approximately 90 degrees. 

30. The medium of claim 28 wherein the predetermined angle is greater than 
90 degrees. 

3 1 . The medium of claim 28 wherein the predetermined angle is less than 90 
degrees. 

32. The medium of claim 1 9 wherein the curvature is determined at 
approximately an end point of the integrated circuit structure as designed. 

33. The medium of claim 1 9 wherein the curvature is determined as a 
second derivative of a parabola including three or more sampling points. 

34. The medium of claim 1 9 wherein the curvature is determined as a 
logarithm of a second derivative of a parabola including three or more sampling points. 

35. The medium of claim 1 9 wherein modifying a design of the integrated 
circuit based on the curvature comprises: 

segmenting the design of the integrated circuit; and 

modifying placement of one or more segments based, at least in part, on the 
curvature. 

36. A reticle for manufacturing an integrated circuit structure, the reticle 
comprising at least one area to define the integrated circuit structure, the area being 
defined by a modified integrated circuit layout, wherein the modified integrated circuit 
layout is determined based, at least in part, on a predicted structure of an original 
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integrated circuit layout, and further wherein the original integrated circuit layout is 
modified based, at least in part, on a curvature of the predicted structure to result in the 
modified integrated circuit layout. 

37. The reticle of claim 36 wherein the at least one area to define the 
integrated circuit structure comprises a transparent area. 

38. The reticle of claim 36 wherein the at least one area to define the 
integrated circuit structure comprises an opaque area. 

39. The reticle of claim 36, wherein the original integrated circuit layout is 
modified based, at least in part, on a curvature and a slope of the predicted structure to 
result in the modified integrated circuit layout. 

40. The reticle of claim 36, wherein the original integrated circuit layout and 
the modified integrated circuit layout are segmented, and further wherein one or more 
segments of the modified integrated circuit layout are repositioned with corresponding 
segments of the original integrated circuit layout based on the curvature. 

41. A method comprising: 

estimating contours of a structure, where the contours represent constant 
elevation; 

estimating a curvature of the structure based, at least in part, on elevation 
information corresponding to the estimated contours of the structure; and 

estimating a boundary of the structure based, at least in part, on the curvature. 

42. The method of claim 41 wherein the structure comprises a structure on a 
layer of an integrated circuit. 
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